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Isolated DNA molecules are disclosed corresponding to a novel proges tin-regulated gene (PRG1). The PRG1 polypeptide (PRG1) 
and uses thereof are also described, and include assays for assessing progestin-responsiveness in a subject. 
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PROGESTIN-REGULATED GENE 
This invention relates to a novel progestin-regulated gene. The 
protein or polypeptide encoded by this gene appears to have a novel 
enzymatic activity that may be useful as a readily detectable marker for 
5 proges tin-responsiveness. 

The sex steroid hormone progesterone has two major roles in 
mammalian physiology. First, progesterone is involved in preparing the 
uterus for implantation of the fertilized ovum. Second, progestins have 
proliferative and differentiating effects on mammary epithelium (1, 2). 
10 Progesterone is essential for lobuloalveolar development and preparation for 
lactation: when ovulation is established progesterone, produced by the 
corpus luteum, stimulates growth of the lobuloalveolar structures and during 
pregnancy promotes branching of the ductal system and differentiation of 
alveolar cells into secretory cells ready for milk production. The importance 
15 of progestin in these processes is clearly illustrated in progesterone receptor 
(PR) knockout mice, which fail to develop lobuloalveolar structures (3). 
Progestins may also have a role in regulating cell proliferation in the human 
breast. Mitotic activity in breast epithelium varies in a cyclic manner 
through the menstrual cycle and a role for progesterone in this process is 
20 suggested by observations that levels of this hormone and epithelial cell 
proliferation are both maximal during the late secretory phase (4). Some 
breast tumours retain progesterone responsiveness and the use of high doses 
of synthetic progestins are recognised endocrine therapies for PR-positive 
breast cancers, since in this scenario progestins have an antiproliferative 
25 effect (5). Progestins also have predominantly growth inhibitory effects on 
human breast cancer cell lines in vitro, although under certain conditions 
they may stimulate growth (2, 6 and references therein). Mechanistic studies 
have clearly defined both a stimulatory and inhibitory effect of progestins on 
breast cancer cell cycle progression (6) but the functional consequences of 
30 these effects in vivo remain to be defined. This is of considerable importance 
given the wide spread pharmacological usage of progestins in oral 
contraceptives and in hormone replacement therapy. 

The mechanisms underlying the biological effects of progestins in the 
normal breast and in breast cancer are only partially understood. Progestin 
35 action is mediated primarily via the PR, which upon activation by ligand 
binding interacts with gene promoter sequences containing progesterone 
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responsive elements (PREs) to regulate gene transcription. Very few 
mammalian genes have been described that are directly regulated by 
progestins in this manner; examples include c-jun (7), c-fos (8), fatty acid 
synthetase (FAS) (9), PR (10, 11), and uteroglobin (12, 13). While progestin 
5 action ultimately involves changes in the levels of large numbers of mRNAs 
and proteins, many of these require intermediary de novo protein synthesis. 
Furthermore, specific genes that mediate the proliferative effects of 
progestins are likewise poorly defined. Thus much remains to be learned 
about genes induced as an acute response to progestin treatment and their 
10 role in mediating progestin effects on cell proliferation and differentiation. 

Several known progestin-regulated genes can be classed as those 
whose functions are important in differentiation effects mediated by 
progestin. Examples include FAS (9), alkaline phosphatase (14) and lactate 
dehydrogenase (15). While these are probably not involved in the 
15 proliferative effects of progestin a number of progestin-related genes related 
to steroid and growth factor action might contribute to these effects at least 
indirectly. Examples include estrogen receptor (16), PR (11), retinoic acid 
receptors (17), epidermal growth factor receptor (6, 18), prolactin receptor 
(19), insulin-like growth factors a and pi (6, 8, 23, 24), 170-hydroxysteroid 
20 dehydrogenase (25) and insulin-like growth factor binding proteins 4 and 5 
(26). However, evidence that these gene products are direct mediators of the 
stimulatory and inhibitory effects of progestins remains to be determined. 
Potentially of more interest are progestin-regulated genes with known roles in 
cell cycle control i.e. c-myc, c-fos (6, 8), c-jun (7) and cyclin Dl (27). 
25 Progestin induction of c-myc and cyclin Dl is closely related to changes in 
cell cycle progression (6,27). While the timing of the induction of c-myc 
mRNA, evident after 30 min. of progestin treatment, suggests a potential 
direct effect of progestins, the slower induction of cyclin Dl mRNA which is 
maximal at 6 hours could result from the prior induction of other genes that 
30 are the primary and specific targets of progestins. Given the established 
central role for cyclin Dl in steroid and growth factor regulation of breast 
cancer cell cycle progression (27-30) identification of progestin regulated 
genes which control cyclin Dl gene expression might link progestin action to 
the cell cycle. 

35 Using serum-free conditions, studies in this laboratory have shown 

that T-47D human breast cancer cells which were stimulated to grow with 
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insulin, undergo a transient increase in cell cycle progression in response to 
progestins, with an increased rate of progression through Gl and a transient 
increase in the S-phase population. These cells complete a round of 
replication and thereafter become growth arrested early in Gl phase. 
5 The present invention arose out of a study using this model system to 

identify novel progestin regulated genes involved in early cell cycle 
stimulatory responses to progestin or other aspects of progestin action in 
human breast cancer cells. RNA extracted from T-47D cells grown under 
serum-free conditions and treated with the synthetic progestin ORG 2058 for 
10 3 hours was used as the template for cDNA synthesis and analysis by the 

differential display technique (mRNA fingerprinting) (31). Several candidate 
PGR fragments were identified by this method and characterisation by 
sequence and Northern analysis of some of these led to the identification and 
characterisation of a clone, PRGl, which appears to represent a novel 
15 progestin-regulated gene. 

Thus, in a first aspect, the present invention provides an isolated 
DNA molecule comprising a nucleotide sequence substantially corresponding 
or, at least, >80% (more preferably, >90%) homologous to any one of the 
nucleotide sequences shown at: 
20 (i) Figure 2B from nucleotide 1 to 3018; 

(ii) Figure 2B from nucleotide 1 to 470; 

(iii) Figure 2B from nucleotide 141 to 3018; and 

(iv) Figure 2B from nucleotide 470 to 2103. 

Preferably, the isolated DNA molecule is of human origin. More 
25 preferably, the isolated DNA molecule is of human kidney cell or breast 
cancer cell origin, and/or encodes a protein normally expressed in human 
kidney cells, breast tissue or tumour cells. 

The isolated DNA molecule may be incorporated into plasmids or 
expression vectors, which may then be introduced into suitable bacterial, 
30 yeast and mammalian host cells. Such host cells may be used to express the 
polypeptide encoded by the isolated DNA molecule. 

The predicted amino acid sequence of the polypeptide encoded by 
PRGl shows substantial homology (-70%) with human liver 6- 
phosphofructo-2-kinase/fructose 2,6 bisphosphatase (PFK-2/FBPase-2) and it 
35 is postulated that the protein encoded by PRGl may have activities similar to 
this bifunctional enzyme. 
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Thus, in a second aspect, the present invention provides a 
polypeptide in a substantially pure form, said polypeptide comprising an 
amino acid sequence substantially corresponding to that shown at Figure 2B 
or an enzymatic portion thereof. 
5 Preferably, the polypeptide of the second aspect is full length. 

The polypeptide of the second aspect may be used to raise 
monoclonal or polyclonal antibodies which may be used, for example, in 
affinity purification processes or in various ELISA type assays. 

Thus, in a third aspect, the present invention provides an antibody 
10 specific to the polypeptide of the second aspect. 

As will be seen hereinafter, PRGl appears to be directly regulated by 
progestin. PRGl may, therefore, provide a useful marker for progestin- 
responsiveness in a subject. For example, as a marker of breast tumour 
responsiveness to progestins - i.e. high levels may indicate that the tumour is 
15 responsive to progestins and could be sensitive to progestin therapy. PRGl 

may also be a useful prognostic marker since hormonaily responsive tumours 
often have a better prognosis (i.e. patients have longer disease-free survival 
and overall survival). Thus, levels of PRGl mRNA present in isolated cells or 
tissue samples may be assessed by DNA or RNA probes or primers in 
20 hybridisation assays or PCR analysis. Suitable probes and primers, which are 
preferably of a length greater than 10 nucleotides, are to be considered as 
forming part of the present invention. Alternatively, the level of PRGl 
polypeptide may be assessed through the use of the abovementioned 
antibodies. However, the postulated enzymatic activity of the PRGl 
25 polypeptide provides the potential for a more convenient assay wherein the 
level of PRGl polypeptide would be determined by assessment of enzyme 
activity. 

Thus, in a fourth aspect, the present invention provides as assay for 
assessing progestin-responsiveness in a subject comprising the steps of; 
30 (i) isolating cells or tissue from said subject; and 

(ii) detecting the presence of a polypeptide comprising an amino acid 
sequence substantially corresponding to that shown at Figure 2B. 

Preferably, the polypeptide detection step involves providing a 
substrate for said polypeptide, said substrate normally converted by said 
35 polypeptide to a readily detected product. 



WO 97/15674 



PCT/AU96/00669 



5 



In some circumstances, it may be preferred to expose the isolated 
cells or tissue to progestin or an agonist compound and, subsequently, 
determine whether the progestin or agonist compound has induced the 
production of PRGl polypeptide. 
5 The postulated enzyme activity of the PRGl polypeptide also 

suggests that this polypeptide has an involvement in cell cycle (growth) 
regulation and is likely to be involved in control of 

glycolytic/gluconeogenic/lipogenic pathways not only in progestin target 
tissues but in a wide range of different tissue types. Indeed, since PRGl 
10 appears to be expressed in tissues with a probable low fraction of 

proliferating cells it is unlikely that the function of the PRGl polypeptide is 
restricted to growth regulation. More likely, PRGl is more generally involved 
in glycolytic/gluconeogenic/lipogenic control. This may be of particular 
significance as the other related human enzyme PFK-2/FBPase-2, which has 
15 an established important role in glycolytic control, has only a limited tissue 
distribution (e.g. liver). Thus, the administration of PRGl polypeptide may 
be of significant therapeutic value particularly for treatment of diabetes, 
obesity or other disorders of energy metabolism. Therapeutic amounts are 
likely to be similar to normal endogenous levels (which will vary from tissue 
20 to tissue) or may be at significantly higher levels, depending on the level and 
type of activity desired. 

Alternatively, the enzyme activity of the PRGl polypeptide could be 
regulated by pharmacological means for the treatment of proliferative 
disorders, such as malignant or non-malignant hyperproliferative disease (e.g. 
25 breast and other cancers, and derma tological diseases). Further, 

administration of PRGl polypeptide may be of therapeutic value in the 
control of reproductive function. 

More specifically, the enzyme activity of the PRGl polypeptide could 
be regulated by; 

30 synthetic compounds, either stimulatory or inhibitory (i.e. agonists or 

antagonists), 

ribozymes specific for PRGl (i.e. to down-regulate endogenous PRGl 
activity), and 

gene therapy using expression vectors or oligonucleotides or other 
35 delivery systems (e.g. viral) containing a nucleotide sequence encoding PRGl 
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sense (i.e. to augment endogenous PRGl polypeptide levels and activity) or 
antisense (i.e. to down-regulate endogenous PRGl levels and activity). 

Agonist or antagonist compounds could be identified by their ability 
to inhibit/stimulate the enzyme activity of PRGl polypeptide. For example, 
5 screening assays could be conducted to identify compounds that modulate 6- 
phosphofructo-2-kinase activity by measuring the rate of production of 
fructose-2,6-biphosphate from fructose-6-phosphate (assaying fructose-2,6- 
biphosphate by its ability to activate pyrophosphate-dependent 6- 
phosphofructo-l-kinase from potato tubers) (58). Alternatively, screening 
10 assays could be conducted to identify compounds that modulate fructose-2,6- 
biphosphatase activity by measuring [ 32 P] release from [2- 32 P] fructose-2,6- 
bisphosphate (59). Such screening assays may be performed using in vitro 
systems such as dissolved pure PRGl polypeptide or a whole Cell lysate of 
cells expressing PRGl. 
15 Such agonist and antagonist compounds may include compounds 

which influence enzymatic activity by a number of mechanisms such as the 
alteration of substrates to the enzyme's active site(s), either by acting as 
alternative substrates or by binding to PRGl polypeptide to alter its structure, 
or by influencing processes involved in the activation of the PRGl 
20 polypeptide (e.g. phosphorylation of regulatory domains). 

Results provided hereinafter strongly suggest that induction of PRGl 
by progestin is a direct transcriptional effect of ligand-activated PR on a 
putative proges tin-regulatory element(s) (PRE) located within the PRGl gene. 
Thus, in a fifth aspect, the present invention provides an isolated 
25 DNA molecule comprising a progestin-regulatory element (PRE) derived from 
a DNA molecule according to the first aspect of the invention. 

The DNA molecule of the fifth aspect may be used as a controlling 
element for PRGl (and potentially for other genes containing similar 
promoter elements), for novel therapeutics to control gene expression or 
30 could be utilised in DNA constructs designed to express RNA/protein 
sequences in response to progestins (e.g. progestin-inducible plasmids) 
which could be useful as research tools for studying gene expression in cell 
lines. The DNA molecule of the fifth aspect could also be of use in gene 
therapy directed to progestin-responsive tissues e.g. breast, uterus. 
35 The term "substantially corresponds" as used herein in relation to the 

nucleotide sequence is intended to encompass minor variations in the 
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nucleotide sequence which due to degeneracy in the DNA code do not result 
in a change in the encoded protein. Further, this term is intended to 
encompass other minor variations in the sequence which may be required to 
enhance expression in a particular system but in which the variations do not 
5 result in a decrease in biological activity of the encoded protein. 

The term "substantially corresponding" as used herein in relation to 
amino acid sequence is intended to encompass minor variations in the amino 
acid sequence which do not result in a decrease in biological activity of the 
encoded protein. These variations may include conservative amino acid 
10 substitutions. The substitutions envisaged are:- 

G,A,VJ,L ? M; D, E; N,Q; S,T; K f R,H; F,Y,W,H; and P,Ncc-alkalamino acids. 

The invention will now be further described with reference to the 
following non-limiting example and accompanying figures. 

15 Brief Description of the Figures : 

Figure 1: Identification of differentially expressed cDNAs in T-47D cells 
treated with the synthetic progestin ORG 2058. 



A) Identification of PIGl by differential display. Total RNA obtained 
from T-47D cells treated with ORG 2058 or ethanol for 3h. was used as a 
template for differential display PCR reactions with 5-T 12 GG and 5'- 
CAAACGTCGG as primers. The PCR products were separated on a 6% 
polyacrylamide denaturing gel and the gel exposed to x-ray film. The arrows 
indicate PCR products present at a higher level in progestin treated (T) 
compared with ethanol control (C). 

B) Confirmation of the progestin induction of PIGl by Northern 
analysis. T-47D cells proliferating in insulin-supplemented serum-free 
medium were treated with lOnM ORG 2058 (T) or ethanol vehicle (C) for 3h 
and total RNA was harvested for Northern analysis. The Northern blot was 
probed with the PIGl fragment. 

Figure 2: Determination of the PRGl cDNA sequence. 

A) A schematic representation of PRGl structure with a restriction map 
for the PRGl cDNA and the cDNA clones used to derive the PRGl sequence 
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shown beneath. The initial PCR cDNA fragment identified by differential 
display was designated PIGl. All the cDNA clones were isolated from a 
human kidney cDNA library with the exception of H7.1 which was isolated 
from a human heart cDNA library. Clone 19.1 is a chimeric clone. The 
cosmid clone containing genomic sequence, part of which overlaps with 
PRGl cDNA sequence, was obtained from the Genbank database and is 
shown above the PRGl sequence. The numbers refer to distances in 
nucleotides. 

B) Nucleotide and deduced amino acid sequence of PRGl. The 
nucleotide sequence determined from cDNA clones is shown in uppercase 
lettering whereas the nucleotide sequence obtained from the cosmid genomic 
clone CR1-JC2015 is shown in lowercase lettering. The translation 
termination codon is shown by an asterisk in the amino acid sequence. The 
in-frame termination codon that precedes the initiating methionine is 
underlined. The numbers refer to distances in nucleotides. 

Figure 3: Amino acid sequence homologies of human and bovine PFK- 
2/FBPase-2 isoforms. 



Amino acid sequence homology between PRGl and PFK-2/FBPase-2 isoforms 
from human liver, bovine brain and bovine heart. An alignment of the amino 
acid sequences was obtained using the computer programs MacVector™ 4.5.3 
and SeqVu. Identical residues found in three or four of the polypeptides are 
boxed. Amino acids are numbered from the first residue. The bovine brain 
sequence is believed to be incomplete (39). Bov., bovine; hum., human. 

Figure 4: Expression of PRGl mRNA in different human tissues and breast 
cancer and normal breast cell lines. 



A) Northern blot analysis of total RNA from different human breast 
cancer and normal breast cell lines. The blot was probed with a 1.8 kb cDNA 
sub-clone of PRGl and an oligonucleotide complementary to 18S rRNA as a 
loading control. 

B) Northern blot analysis of poly A + RNA from human tissues. The blot 
was hybridized with a 1.8 kb cDNA. sub-clone of PRGl. Molecular sizes of 
markers are indicated. PBL, peripheral blood leukocytes. 
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Figure 5: Regulation of PRGl mRNA expression by the synthetic progestin 
ORG 2058. 

5 T-47D cells proliferating in insulin-supplemented serum-free medium were 
treated with 10 nM ORG 2058 (closed circles) or ethanol vehicle (open 
circles) and total RNA was harvested for Northern analysis. The Northern 
blot shown in panel A was probed with a 1.8 kb cDNA sub-clone of PRGl and 
with an oligonucleotide complementary to 18S rRNA as a control for loading. 
10 Positions of the 28S and 18S ribosomal bands are indicated. Values in panel 
B were obtained by densitometric analysis of the autoradiograph and are 
expressed relative to control at 0 h. 

Figure 6: Regulation of PRGl mRNA expression in MCF-7 and MDA-MB-231 
15 cells by ORG 2058 and dexamethasone. 

MCF-7 (PR +ve, GR +ve) and MDA-MB-231 (PR -ve, GR +ve) cells 
proliferating in RPMI 1640 medium supplemented with 5% fetal calf serum 
were treated with ORG 2058 (10 nM), dexamethasone (100 nM) or ethanol 
20 vehicle and harvested for Northern analysis at 3 h. and 6 h. Densitometric 

analysis of the Northern blot hybridised with 1.8 kb cDNA sub-clone of PRGl 
is presented expressed relative to control at 0 h. and adjusted for loading. 
The data in Panel B were obtained from the mean of two experiments. 

25 Figure 7: Antagonism of ORG 2058 induction of PRGl mRNA by the 
antiprogestin RU 486. 

A) T-47D cells proliferating in insulin-supplemented serum-free medium 
were treated with ORG 2058 (10 nM), RU 486 (100 nM), the two compounds 

30 simultaneously (ORG 2058 + RU 486) or ethanol vehicle and harvested for 
Northern analysis at 3 h. The Northern blot was probed with the PIGl 
fragment of PRGl and with an oligonucleotide complementary to 18S rRNA 
as a control for loading. The graph represents densitometric analysis of the 
autoradiograph expressed relative to control at 3 h. 

J5 B) MCF-7 cells proliferating in medium supplemented with 5% FCS 
were treated with ORG 2058 (lOnM), ORG 2058 + RU 486 (100 nM) 
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simultaneously or ethanol vehicle and harvested from Northern analysis at 3 
h. The Northern blot was probed with a 1.8 kb cDNA sub-clone of PRGl and 
with an oligonucleotide complementary to 18S rRNA as a control for loading. 

5 Figure 8: Effect of the protein synthesis inhibitor cycloheximide on ORG 
2058 induction of PRGl mRNA. 



A) T-47D cells proliferating in insulin-supplemented serum-free medium 
were treated with ORG 2058 (10 nM), cycloheximide (CHX, 20 ng/ml), ORG 

10 2058 and CHX simultaneously or ethanol vehicle and harvested for Northern 
analysis at 3 h. The Northern blot was probed with the PJGl fragment of 
PRGl and with an oligonucleotide complementary to 18S rRNA as a control 
for loading. The graph represents densitometric analysis of the 
autoradiograph expressed relative to control at 3 h. 

15 B) T-47D cells proliferating in medium supplemented with 5% charcoal- 
treated FCS were treated with livial (10 nM) and ethanol vehicle in the 
presence and absence of actinomycin D (5 jig/ml) and harvested for Northern 
analysis. The Northern blot was probed with a 1.8 kb cDNA sub-clone of 
PRGl. C, ethanol control; L, livial. 

20 

Figure 9: PRGl mRNA regulation by breast cancer cell mitogens. 

Northern blots were probed with a 1.8 kb cDNA sub-clone of PRGl and with 
an oligonucleotide complementary to 18S rRNA as a loading control. 
25 Densitometric analysis, adjusted for loading, of the autoradiographs is 
presented. 

A) Total RNA was isolated from T-47D cells growth arrested by serum 
deprivation and then stimulated to progress through the cell cycle by 
addition of insulin (1.7 jiM), bFGF (55 pM) or heregulin (5 nM). PRGl mRNA 

30 levels were measured at 3 or 4 h. and expressed relative to time matched 
vehicle treated controls. 

B) Total RNA was isolated from MCF-7 cells rescued with estrogen (17p 
.estradiol, 100 nM) following pre-treatment with antiestrogen (ICI 182780, 10 
nM) for 48 h. in 5% fetal calf serum. PRGl mRNA levels were measured at 4 

35 h. and expressed relative to the average of antiestrogen treated control 
samples. 
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C) Total RNA was isolated from T-47D cells growth arrested by serum 
deprivation or exponentially growing in medium containing 10% fetal calf 
serum. PRGl mRNA levels from exponentially growing cells are expressed 
relative to PRGl mRNA levels from growth arrested cells. 

5 

Figure 10: Affinity purification of FLAG PRGl fusion protein. 

PRGl fusion protein was expressed in bacteria, purified 
samples run on a 10% SDS-PAGE gel and Western blotted with an 
10 anti-FLAG antibody as described in the Materials and Methods. 

Lane 1, molecular weight markers; lane 2, soluble bacterial lysate as 
loaded on column; lanes 3-6, flow through; lanes 7-9, washes 1, 4, 5; lanes 
10-15, fractions 1-6. The position of the FLAG PRGl fusion protein is 
marked with an arrow. 

15 

Example : 

Materials and Methods 
Reagents 

20 Steroids and growth factors were obtained from the following 

sources: ORG 2058 (16a-ethyl-21-hydroxy-19-norpregn-4-en-3,20-dione), 
Amersham Australia: R5020 (17a-21-dimethyl-19-norpregn-4,9-diene-3,20- 
dione), Du Pont (Australia) Ltd; MPA (17a-acetoxy-6a -methyl-4-pregn-4-en- 
3,20-dione), Dr. Dudley Jacobs of Upjohn Pty Ltd, Australia; livial ((7a, 17a )- 
25 17-hydroxy-7-methyl-19-norpregn-5(10)-en-20-yn-3-one), Dr. William 

Schoonen of Organon International, Oss, The Netherlands; RU 486 (17p- 
hydroxy-lip-(4-methylaminophenyl)-17a-(l-propynyl)-etsra-4,9-diene-3-one), 
Dr John-Pierre Raynaud of Roussel-Uclaf, Romainville, France; ICI 182780 
(7a-[9-( 4,4,5,5,5-pentafluropentylsulfinyl)nonyl] estra-l,3,5(10)-triene-3,17P- 
30 diolj was a gift from Dr. Alan Wakeling, (Zeneca Pharmaceuticals, 
Macclesfield, UK); dexamethasone (9-fluro-ll,17,21-trihydroxy-16- 
methylpregn-l,4-diene-3,20-dione) and 17p-estradiol, Sigma Chemical Co., 
St. Louis, Mo.; human insulin, Actrapid; CSL-Novo, Australia; human 
recombinant bFGF was donated by Dr. A. Protter, Pacific Biotechnology, 
35 Sydney, Australia and recombinant heregulin was produced by Drs. Rod 
Fiddes, CRC for Biopharmaceutical Research and Dr. Roger Daly, Garvan 
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Institute of Medical Research (32). Steroids were stored at-20°C as 1000-fold- 
concentrated stock solutions in absolute ethanol. Growth factors were stored 
at -20°C and diluted on the day of use; bFGF in 30 jiM human transferrin 
(Sigma Chemical Co., St. Louis, MO); heregulin as described (32). Insulin 
5 was stored at 4°C and used diluted directly in tissue culture medium. 

Cycloheximide (Calbiochem-Behring Corp., La Jolla, CA) was dissolved at 20 
mg/ml in water and filter sterilized. Cosmegen, actinomycin D, (Merck Sharp 
and Dohme Research Pharmaceuticals, Rahway, NJ) was dissolved at 0.5 
mg/ml in sterile water and used immediately. Tissue culture reagents were 
10 purchased from standard sources. 

Cell Culture 

The sources and maintenance of the human breast cancer cell lines 
used in this study were as described previously (33). 184 and 184B5 normal 
15 breast epithelial cells were the kind gift of Dr. M. Stampfer (University of 

California, Berkley, CA) and were maintained in mammary epithelial growth 
medium (Clonetics, San Diego, CA). Tissue culture experiments in serum- 
free medium were performed as previously described (6, 27). Briefly, T-47D 
cells were taken from stock cultures and passaged for 6 days in phenol red- 
20 free RPMI medium supplemented with 10% charcoal-treated fetal calf serum 
(FCS). During this time the cells received two changes of medium at 1- to 3- 
day intervals. The cells were replated into replicate 150 cm 2 flasks in 
medium containing 10% charcoal-treated FCS and the medium replaced with 
serum-free medium on the next two days. Serum-free medium was 
25 supplemented with 300 nM human transferrin. In experiments involving 

ORG 2058 the final serum-free medium contained 10 \xg/ml (1.7 jiM) human 
insulin. Three days after completion of these pre-treatments growth factor, 
steroid, steroid antagonist or cycloheximide were added. Control flasks 
received vehicle to the same final concentration. Cell cycle phase 
30 distribution was determined by analytical DNA flow cytometry, as previously 
described (6, 34). 

Tissue culture experiments in serum-containing medium were 
performed as previously described (34). The experiment with livial and 
actinomycin D was as for experiments in serum-containing medium except 
35 that the medium contained 5% charcoal-treated FCS. Actinomycin D was 

added at the same time as livial. The experiment involving "estrogen rescue" 



WO 97/15674 



13 



PCT/AU96/00669 



was performed as described (30). Briefly, MCF-7 cells were cultured in 
medium containing 5% FCS for 2 days. The antiestrogen ICI 182780 (10 nM) 
was then added to the medium for 48 h. after which the growth-arrested cells 
were treated with 100 nM 170-estradiol, also added directly to the medium, 
5 resulting in the synchronous re-entry of cells into the cell cycle. 

RNA isolation and Northern Analysis 

Cells harvested from triplicate 150 cm 2 flasks were pooled and RNA 
extracted by a guanidinium-isothiocyanate-cesium chloride procedure and 

10 Northern analysis was performed as previously described with 20 |ig of total 
RNA per lane (6, 11). The membranes were hybridized overnight at 50°C 
with probes labelled with [ot- 32 P]dCTP (Amersham Australia Pty Ltd, Castle 
Hill, Australia) using the Random Prime Labelling Kit (Promega, Sydney, 
Australia). The membranes were washed at a highest stringency of 0.2 x SSC 

15 (30 mM NaCl, 3 mM sodium citrate [pH 7.0]) 4- 1% sodium dodecyl sulfate at 
65°C and exposed to Kodak X-OMAT or BIOMAX film at -70°C. Human 
multiple tissue Northern blots (Clontech Laboratories, Inc. Palo Alto, CA) 
were hybridized under conditions recommended by the manufacturer. The 
mRNA abundance was quantified by densitometric analysis of 
20 autoradiographs using Molecular Dynamics Densitometer and software 
(Molecular Dynamics, Sunnyvale, CA). The accuracy of loading was 
estimated by hybridizing membranes with a [y- 32 P]ATP end-labelled 
oligonucleotide complementary to 18S rRNA. 

25 Differential Display 

Differential display was carried out as described (35). Total RNA, 
200 ng, obtained from T-47D cells treated with the synthetic progestin ORG 
2058 for 3 h. or from T-47D cells treated with ethanol control was reverse 
transcribed with 5'-T 12 GG as the primer. The cDNA products were amplified 

30 by the polymerase chain reaction (PCR) using 5'-T 12 GG and 5-CAAACGTCGG 
primers. The PCR products were separated on a 6% polyacrylamide 
denaturing sequencing gel. The PCR product of interest was excised from the 
gel, re-amplified by PCR and cloned into the pGEM-T vector (Promega). DNA 
sequencing was performed by the dideoxy chain termination method using 

35 T7 DNA polymerase (AMRAD Pharmacia Biotech, Melbourne, Australia) and 
Sequenase 2.0 kit (Bresatec, Adelaide, Australia) or by cycle sequencing 
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using the fmol ® DNA Cycle Sequencing System (Promega). Sequence 
database searches were performed at the NCBI using the BLAST network 
service. 

5 Library Screening 

The differential display technique generates small (<500 nt) cDNA 
fragments. In order to obtain additional cDNA sequence lambda cDNA 
libraries derived from human kidney (Clontech, 2.85 x 10 5 pfu) and human 
heart (Stratagene, La Jolla, CA 6 x 10 5 pfu) were screened using the 32 P- 
10 labelled differential display cDNA fragment as a probe under stringent 

hybridization conditions. Seven strongly hybridizing clones were isolated 
and excised for sequencing using bacterial strain XLl-Blue. Sequencing was 
performed as described above. Amino acid sequence alignments were 
performed using the computer programs Mac Vector™ 4.5.3 and.SeqVu. 

15 

Expression of PRGl protein in bacteria 

Clones 11.2 and 19.1 (Figure 2) were cloned as Eco Rl fragments 
into pBluescript (pBSll.2 and pBSl9.1). An Xba 1/Nco 1 fragment from 
pBSl9.1 was then ligated to replace an Xba 1/Nco 1 fragment from pBSll.2. 
20 The resultant plasmid contained the complete PRGl open reading frame. 
PGR using this plasmid and the foward primer 

5 ATGAATTCATGCCGTTGGAACTGACGCAGAGC-3 , and the reverse primer 
5 t -TACCTAGTCGACTCAGTGTTTCCTGGAGGAGTCAGC*3 , was then 
performed to generate a full length open reading frame sequence with the 

25 appropriate terminal sequences that could next be cut with Eco Rl and Sal 
1. The resulting fragment was cloned into the bacterial expression vector 
pFLAG=AE-2 (Eastman Kodak Company, New Haven, CT, USA). 
E. coli (DH5a strain] were then transformed with this construct and used 
to innoculate L-broth (containing 0.4% glucose) at a 1:100 dilution. The 

30 culture was grown to OD600 approx 0.4. Expression of the FLAG PRGl fusion 
protein was induced by the addition of IPTG (0.5mM final 
concentration), continuing incubation for 1 hr at 30° C, shaking at 240rpm. 

To prepare the soluble fraction, bacteria from a 500ml culture 
were resuspended in 50 ml of extraction buffer A (50 mM Tris HC1, pH 8.0, 

35 5mM EDTA, 0.25 mg/ml lysozyme, 50 /xg/ml sodium azide). Extraction Buffer 
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B (5 ml) was then added (1.5 M NaCL 0.1 M CaCl2, 0.1 M MgCl2 ; 0.02 mg/ml 
DNAse I. 0.05 mg/ml aprotonin). The bacterial lysate was then centrifuged at 
25000g for 1 hour. The supernatant represents the soluble lysate fraction. 
To purify the PRGl fusion protein, 50 ml of the soluble fraction was loaded 
onto a column containing 1 ml of anti-FLAG M2 affinity gel (Eastman Kodak 
Company, New Haven, CT, USA). The column flow rate was 0.5 ml/min. The 
column was then washed with 4 x 9ml of TBS (50mM Tris-HCl. 150mM NaCl 
at a final pH of 7.4). The bound fusion protein was then eluted with 0.1 M 
glycine pH 3.0 (lml + lOx 0.5 ml). Aliquots from each fraction were run on 
a 10 % SDS -PAGE gel together with pre-stained molecular weight markers 
(Sigma) and Western blotted with ananti-FLAG M2 antibody (Eastman Kodak 
Company, New Haven, CT, USA). 



Results 

15 

Cloning of a cDNA identified by differential display 

The differential display technique was used to identify mRNAs 
expressed in T-47D human breast cancer cells whose levels of expression had 
altered in response to treatment with the synthetic progestin ORG 2058 for 3 
20 h. Using the PCR primer combination 5-T 12 GG and 5 -CAAACGTCGG a total 
of 9 cDNA fragments identified by gel electrophoresis were clearly 
upregulated (Fig. 1A). Preliminary confirmatory screening by Northern 
analysis showed one of the cDNA fragments, designated PIGl (described in 
the Applicant's Australian Provisional Patent Application No. PN6144), was 
25 induced rapidly in the presence of ORG 2058 (Fig. IB) and therefore 
warranted further characterisation. 

In order to obtain the complete coding sequence from which PIGl 
was derived, a human kidney cDNA library constructed using oligo-dT- 
primed and random-primed cDNA was screened using the PIGl fragment. 
30 Four cDNAs were isolated after screening 2.85 x 105 recombinants, namely 
11.2, 6.3, 3.1 and 19.1 (Fig. 2A). Further screening of this library with an 
oligonucleotide derived from 5' sequence of 3.1 (5- 

ACCGTCATCGTCATCGGTGGG-3') and with a 373 nt EcoRl-BglU restriction 
fragment derived from 3.1.1 resulted in the isolation of a chimeric clone 9.1 
*5 and clone 8.1 (Fig. 2A). Screening of a human heart library with the 373 nt 
EcoRl-BglU restriction fragment resulted in the isolation of clone H7.1 (Fig. 
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2A). Clones 11.2, 6.3, 3.1 were sequenced in their entirety on both strands, 
and 350 nucleotides of the 5' end of clone 19.1 were sequenced on both 
strands, to give 2887 nt of cDNA sequence, designated PRGl, shown in 
uppercase lettering (Fig. 2B). While the 2887 nt of sequence is less that the 
5 mRNA size determined from Northern blots it contains a complete open 
reading frame as discussed below. 

Comparison of the cDNA sequence with the GenBank and EMBL 
databases revealed a partial overlap with a cosmid clone (CRI-JC2015) (36) 
containing human genomic sequence from chromosome 10. Nucleotides 
10 numbering 1-399 of the cDNA overlap with nucleotides 1671-2070 from the 
cosmid clone but in the reverse orientation (Fig. 2A). Nucleotides 1670-1 of 
the cosmid clone are not present in PRGl and appear to be intron sequence 
as the consensus splicing nucleotides, GT, which commonly flank the start of 
introns (37) are present at bases 1670 and 1669, respectively. Extrapolating 
15 backwards 27 nucleotides from the 5' end of the cDNA into the genomic 

sequence reveals an in-frame stop codon, refer to Fig. 2B where the genomic 
sequence is shown in lowercase lettering. 

Analysis of the PRGl cDNA sequence identified an open reading 
frame (ORF) containing 520 amino acids encoding a polypeptide very similar 
20 to human liver 6-phosphofructo-2-kinase/fructose-2 ; 6-bisphosphatase (PFK- 
2/FBPase-2) (38) as well as to bovine brain and heart forms of this enzyme 
(39, 40). PRGl bears 72% amino acid identity with the human liver PFK- 
2/FBPase-2 in 447 amino acid overlap and 93% and 74% identity with bovine 
brain PFK-2/FBPase-2 and bovine heart PFK-2/FBPase-2 in 462 amino acid 
25 and 447 amino acid overlap, respectively (Fig. 3). The ORF identified in the 
PRGl cDNA sequence appears to be complete. The initiation codon preceded 
by an in-frame stop codon located 357 nucleotides upstream as identified in 
the cosmid clone (CRI-JC2015) and the initiating methionine is within close 
proximity of initiating methionines of other known related polypeptides 
30 (examples 38, 40-42) with the exception of the bovine brain PFK-2/FBPase-2, 
the sequence of which is incomplete (39). 

Analysis of the deduced amino acid sequence of PRGl using the 
Prosite Database Release 13.0 revealed several consensus phosphorylation 
sites, three for cyclic AMP and cyclic GMP dependent protein kinases 
35 beginning at residues 53, 189, 458, seven for protein kinase C beginning at 
residues 52, 129, 272, 441, 471, 516, 517, eleven for casein kinase II at 
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residues 129, 153, 171, 192, 333, 340, 362, 403, 441, 478, 512 as well as two 
for tyrosine kinases beginning at residues 348, 402. Consensus sequences for 
one N-glycosylation site, three N-myristoylation sites and two amidation sites 
were detected beginning at residues 128, 118, 266, 509, 218, 274, 
5 respectively. In addition the ATP/GTP-binding site signature motif, 

conserved in all mammalian forms of PFK-2/FBPase-2 (43), was identified as 
amino acids 42-49 as was the phosphoglycerate mutase family 
phosphohistidine signature, amino acids 51-60. 

10 Northern blot analysis of PRGl gene expression 

The expression profile of PRGl in a panel of human breast cancer 
and normal breast cell lines was investigated by hybridizing Northern blots 
of total RNA isolated from 1 normal breast epithelial cell strain (HMEC 184), 
2 transformed normal epithelial cell lines (HMEC 184B5 and HBL-100) and 
15 12 breast cancer cell lines (only 9 are shown) to a probe from a 1.8 kilobase 
(kb) cDNA sub-clone, 6.3.1 (Fig. 2A), which contains 98% of the PRGl ORF. 
PRGl mRNA, a single transcript of -4.4 kb, was expressed in all the breast 
cancer and normal breast epithelial cell lines examined (Fig. 4A). The 
highest level of expression was in the T-47D cell line and the lowest levels 
20 were noted in SK-BR-3 (not shown), BT-474, HBL-100, HMEC 184 and HMEC 
184B5 cell lines. There was no correlation between PRGl mRNA expression 
and estrogen receptor (ER), progesterone receptor (PR) or glucocorticoid 
receptor (GR) status (44) although the T-47D cell line, which expresses PR at 
a level 5-fold higher than the other cell lines had the highest level of 
25 expression (45). 

The tissue specificity of PRGl gene expression was also investigated 
by hybridizing Northern blots of poly A + RNA isolated from a variety of 
human tissues to a probe made from the sub-clone 6.3.1. A 4.4 kb transcript 
was detected in all the tissues examined (Fig. 4B). The apparent abundance 
30 of PRGl mRNA in skeletal muscle shown in Fig. 4B may be the result of 

uneven mRNA loading as in a second set of human tissue poly A + Northern 
blots skeletal muscle mRNA levels were similar to those of the kidney. 
Likewise, colon showed a higher level of expression in the second set of 
Northern blots. In the heart and skeletal muscle a band of 1.35 kb was also 
35 detected. This band was more easily detected under lower stringency 

conditions when it was also found to be present in kidney, pancreas, skeletal 
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muscle and colon (data not shown) and suggests that the cDNA PRGl probe 
was cross-reacting with a related sequence. A third transcript of around 9.5 
kb was also detected in skeletal muscle. 

5 PRGl mRNA is induced transiently by progestin 

To examine in detail the kinetics of progestin induction of PRGl, 
regulation of PRGl mRNA expression was investigated in T-47D cells 
cultured in insulin-supplemented serum-free medium and harvested for 
mRNA at various time points following ORG 2058 treatment (Fig. 5). PRGl 

10 detected a single mRNA species of approximately 4.4 kb in cells cultured in 
the absence of ORG 2058. The induction of PRGl mRNA by ORG 2058 was 
an early and transient event. Maximal levels of PRGl induction, 4.4-fold 
relative to time-matched control in the experiment shown in Fig. 5, were 
observed at 3 h. following treatment. The induction at 3 h. was typically 

15 between 2 and 4.4-fold relative to time-matched controls. After 6 h. mRNA 
levels had decreased and by 12 h. had returned to control levels. A more 
detailed analysis of early time-points showed that maximal levels were 
reached by 2 h. and sustained until 4 h. (data not shown). The increase in 
PRGl preceded increases in the proportion of cells in S phase (data not 

20 shown), which typically occur around 10 h. in this system (6). 

Induction of PRGl mRNA in breast cancer cell lines is mediated via the 
progesterone receptor 

To determine whether the effects of ORG 2058 on PRGl expression 

25 were likely to be mediated by the PR we examined the effects of other 
synthetic progestins and the antiprogestin RU 486 in a variety of breast 
cancer cell lines. T-47D cells, growing exponentially in medium containing 
5% FCS, were treated in parallel with the synthetic ORG 2058, R5020 and 
MPA at 10 nM and harvested for mRNA at 3 h. All 3 synthetic progestins 

30 induced PRGl mRNA between 2- and 2.5-fold above control levels (data not 
shown). PRGl mRNA was also induced by the synthetic progestin livial (10 
nM) in T-47D cells growing in the presence of 5% charcoal-treated FCS as 
discussed later. The effect of ORG 2058 on PRGl mRNA in another PR- 
positive cell line (MCF-7) and in a PR-negative cell line (MDA MB-231) were 

35 investigated. ORG 2058 increased PRGl mRNA in MCF-7 cells 

approximately 2-fold above control mRNA levels at 3 h. (Fig. 6A). In contrast 
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in MDA-MB-231 cells the levels of PRGl mRNA in the presence of ORG 2058 
were decreased approximately 30% below control rnRNA levels at 3 h. with 
recovery at 6 h. (Fig. 6B). 

Additional evidence for the involvement of PR in mediating progestin 
5 effects on PRGl was obtained using the progestin antagonist RU 486. This 
compound acts as a competitive inhibitor of the binding of progestins to the 
PR (46) and its effect on the induction of PRGl mRNA was investigated by 
treatment of T-47D cells with ORG 2058 (10 nM) and RU 486 (100 nM) either 
alone or simultaneously in serum-free medium supplemented with insulin. 

10 The cells were harvested 3 h. after the treatment, when PRGl mRNA levels 
were at a maximum. Simultaneous administration of ORG 2058 and RU 486 
led to complete inhibition of progestin-induced PRGl expression, while 
treatment with RU 486 alone had no effect on mRNA levels (Fig. 7A). 
Similar effects were seen in MCF-7 cells grown in the presence of serum 

15 although the abrogating effect of RU 486 was not quite as pronounced (Fig. 
7B). 

Given that the consensus sequence for the glucocorticoid and 
progesterone response elements is similar (47) one might expect that 
glucocorticoids could regulate PRGl expression via the glucocorticoid 

20 receptor (GR). To investigate this possibility to GR-positive cell lines, MCF-7 
and MDA MB-231, were treated with the synthetic glucocorticoid 
dexamethasone (100 nM) and harvested at 3 and 6 h. following treatment. 
No increase in PRGl mRNA was observed at these times (Fig. 6 A and 6B). 
Similarly, no increase in PRGl mRNA was observed in T-47D cells, which 

25 also express GR, following treatment with dexamethasone for 3 h. (results not 
shown). In MDA-MB-231 cells, however, dexamethasone reduced PRGl 
mRNA to approximately 60% of control levels at 3 h. with some recovery 
evident at 6 h. These data are consistent with the progestin effect being 
mediated via the PR. 

30 

PRGl induction by progestin does not require de novo protein synthesis 

To distinguish between direct activation of PRGl transcription by the 
PR or indirect activation via the synthesis of intermediary proteins, T-47D 
cells were treated with ORG 2058 (10 nM) in the presence of the protein 
35 synthesis inhibitor, cycloheximide (20 ng/ml). Cycloheximide failed to block 
the progestin-mediated induction of PRGl mRNA. Treatment with 
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cycloheximide alone resulted in an increase of PRGl mRNA to a level similar 
to that achieved by ORG 2058 alone, while in the presence of both ORG 2058 
and cycloheximide there was "superinduction" of PRGl mRNA (Fig. 8A). The 
magnitude of this induction, 12-fold in the experiment shown -in Fig. 8, was 
5 larger than expected from a combination of the responses to the individual 
compounds. Such superinduction involving protein synthesis inhibitors is 
characteristic of genes such as 0- and y-actin, c-fos and c-myc which are 
switched on early (0-2 h.) following stimulation of cells by mitogens (48-50). 
Cycloheximide has stabilising effects on mRNA (51), prolongs transcription 
10 (48) and can itself act as a nuclear signalling agonist (52) all of which can 

contribute to the superinduction effect. PRGl mRNA was not induced in T- 
47D cells treated with the synthetic progestin livial (10 nM) in the presence 
of the transcription inhibitor actinomycin D (5 |ig/ml) (Fig. 8B). Together 
these data suggest that the induction of PRGl mRNA is due to the direct 
15 action of the PR on PRGl transcription and does not require de novo protein 
synthesis. 

Regulation of PRGl expression by breast cancer cell mitogens 

Given that expression of rat F-type PFK-2/FBPase-2 is linked to the 
20 proliferation state of cells (53) and PRGl mRNA levels increase prior to the 

progestin-induced increases in S phase cells, the effect of other known breast 
cancer cell mitogens on PRGl expression was examined. T-47D cells were 
growth- arrested in G 1 phase by serum deprivation and stimulated to re- 
initiate cell cycle progression with insulin, heregulin or basic fibroblast 

25 growth factor. These mitogens stimulate cell cycle progression with 
increases in the S phase population first evident around 12-15 h. and 
maximal at about 24 h. (32, 54). The induction of PRGl mRNA due to 
insulin, heregulin and bFGF were 2.8-, 2.6- and 1.9-fold, respectively at 3 or 4 
h. (Fig. 9A). Heregulin has previously been reported to be one of the most 

30 potent mitogens for T-47D cells (32) whereas insulin and bFGF are 

equipotent (54) and therefore the degree of induction of PRGl mRNA was 
unrelated to the potency of the mitogens in stimulating cell cycle 
progression. The regulation of PRGl mRNA expression by estrogen was 
examined in MCF-7 breast cancer cells using a model in which cells cultured 

35 in serum were growth-arrested in the G, phase of the cycle by the 

antiestrogen ICI 182780 and then stimulated to re-enter the cell cycle with 
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17p-estradiol (30). In this s\'stem increases in S phase begin around 12 h. 
and are maximal between 21 and 24 h. Induction of PRGl rnRNA (2.0-fold) 
was observed at 4 h. (Fig. 9B). A comparison was also made between T-47D 
cells growth-arrested by serum deprivation and cells exponentially growing 
5 in medium supplemented with 10% fetal calf serum. PRGl mRNA was 

detected at veiy low levels in growth-arrested T-47D cells in unsupplemented 
serum-free medium while cells cultured in the presence of serum expressed 
PRGl mRNA at a 10.9-fold higher level (Fig. 9C). Therefore induction of 
PRGl mRNA is not restricted to progestins, but is a common response to 
10 mitogenic stimulation. (Also refer to Table 1). 



Table 1 : PRGl mRNA regulation by breast cancer cell mitogens 



Cell type and treatment 


Relative mRNA Expression 


T-47D 




Exponentially growing cells' 


10.9* 


Insulin (1.7 uM) 


2.8 + at4h 


Heregulin (5nM) 


1.9 + at4h 


bFGF (55 pM) 


2.6* at 3 h 


MCF-7 




17p estradiol (100 nM) 


2.0* at 4 h 



15 Cells were growing exponentially in medium containing 10% fetal calf serum. 

+ T-47D cells were treated as described in Materials and Methods. PRGl mRNA 
levels are expressed relative to levels in cells maintained in serum-free medium. 
* MCF-7 cells were rescued with 17p estradiol following pre-treatment with the 
antiestrogen ICI 182 780 for 48 h as described in Materials and Methods. PRGl 

20 mRNA is expressed relative to antiestrogen treated control levels. 

Production of bacteriall v expressed PRGl as a FLAG fusion protein. 

PRGl was produced as a soluble protein in bacteria in the form 
of a FLAG fusion protein as described in the Materials and Methods. Figure 
25 10 shows the results of affinity purification on an anti-FLAG M2 affinity 

column. The presence of the fusion protein has been detected by SDS-PAGE 
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of fractions and Western blotting with an anti-FLAG antibody. Unpurified 
bacterial lysate (soluble fraction) (ie the material loaded onto the affinity 
purification column) is run in lane 2 and a large band at the predicted 
molecular weight of 60kDa is present, with several minor lower molecular 
5 weight species present that are also antibody-reactive. Following washing 
(lanes 7-9), glycine was used to elute the fusion protein which was present 
in fractions 1-6 (lanes 10-15) at the expected molecular weight Coomassie 
staining of this gel (not shown) suggests the majority of the fusion 
protein eluted in lanes 12 and 13 in a substantially pure form. 

10 

Summary and conclusions 

The progestin regulation of PRGl mRNA was studied in some detail 
and Northern analysis of PRGl mRNA levels over a 24 h. time period showed 
a rapid and transient induction by ORG 2058 that peaked at 3 h. and returned 
15 to control levels by 12 h. Several lines of evidence are consistent with the 
view that this response is mediated by the PR. First, the induction of PRGl 
mRNA occurred in the presence of three other synthetic progestins, R5020, 
MPA and livial. Second, although these progestins potentially have some 
cross-reactivity with the GR (55 9 56) the progestin induction does not appear 
20 to be mediated by this receptor and the glucocorticoid response element 

(GRE) as the glucocorticoid dexamethasone had no effect on PRGl mRNA in 
T-47D or MCF-7 cell lines. Third, the progestin antagonist, RU 486, inhibited 
the progestin-induction of PRGl mRNA. Interestingly, in cells expressing 
high levels of GR, i.e. MDA-MB-231 cells (44), dexamethasone and ORG 2058 
25 caused a small but significant decrease in PRGl mRNA levels. The 

mechanism by which this occurs is not known at this stage but may involve 
cross-reactivity of ORG 2058 with the GR which in this cell line is able to 
weakly down-regulate PRGl mRNA expression. 

The progestin induction of PRGl mRNA is not prevented by the 
30 presence of the protein synthesis inhibitor cycloheximide but is blocked by 
the transcription inhibitor actinomycin D. This strongly suggests that 
induction of PRGl by progestin is a direct transcriptional effect of ligand- 
activated PR on a putative PRE located in the PRGl gene. A computer search 
of DNA sequence from the cosmid clone CRI-JC2015 encompassing 3000bp 
35 from the initiating methionine in a 5' direction for an optimal PRE sequence 
as determined by in vitro studies (57) revealed several PRE-like sequences. 
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Sequencing of PRGl shows that PRGl exhibits significant homology 
to genes in various species including human that encode the key regulatory 
Afunctional enzyme phosphofructokinase 2/fructose-2,6-biphosphatase (PFK- 
2/FBPase-2, EC.2. 7.1. 105/3. 1.3.46) suggesting PRGl may represent a related 
5 enzyme (see Figure 4). PFK-2/FBPase-2 controls levels of the compound 
fmctose-2,6-bisphosphate (Fru-2,6-P2), which has a major role in the 
regulation of enzymes controlling glycolysis, gluconeogenesis, and 
lipogenesis. PRGl may also control levels of Fru-2,6-P 2 or other as yet 
unidentified regulatory factors. 
10 PRGl therefore appears to represent a novel gene with potential to be: 

(i) one of the few known genes to be directly regulated by progestins and 
hence an important mediator of progestin action and a marker of clinical 
responsiveness to progestins; and 

(ii) a gene involved in cell cycle regulation by progestins and other 
15 mitogens and hence a new target for antiproliferative agents. 

It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to 
20 be considered in all respects as illustrative and not restrictive. 
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CLAIMS: 

}• An isolated DNA molecule comprising a nucleotide sequence more 

than 80% homologous to any one of the nucleotide sequences shown at; 
5 (i) Figure 2B from nucleotide 1 to 3018, 

(ii) Figure 2B from nucleotide 1 to 470, 

(iii) Figure 2B from nucleotide 141 to 3018 ? and 

(iv) Figure 2B from nucleotide 470 to 2103. 

10 2 - An isolated DNA molecule comprising a nucleotide sequence more 

than 90% homologous to any one of the nucleotide sequences shown at; 

(i) Figure 2B from nucleotide 1 to 3018, 

(ii) Figure 2B from nucleotide 1 to 470, 

(iii) Figure 2B from nucleotide 141 to 3018, and 
15 (iv) Figure 2B from nucleotide 470 to 2103. 

3. An isolated DNA molecule comprising a nucleotide sequence 

substantially corresponding to, or complementary to, the nucleotide 
sequence shown at Figure 2B from nucleotide 1 to 3018. 

20 

4 - An isolated DNA molecule comprising a nucleotide sequence 

substantially corresponding to, or complementary to, the nucleotide 
sequence shown at Figure 2B from nucleotide 1 to 470. 

25 5 - An isolated DNA molecule comprising a nucleotide sequence 

substantially corresponding to, or complementary to, the nucleotide 
sequence shown at Figure 2B from nucleotide 141 to 3018. 

6 - An isolated DNA molecule comprising a nucleotide sequence 

30 substantially corresponding to, or complementary to, the nucleotide 
sequence shown at Figure 2B from nucleotide 470 to 2103. 

7. A DNA molecule according to any one of the preceding claims, 

said DNA molecule being of human origin. 
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8. A DNA molecule according to claim 7, said DNA molecule being of 

human kidney cell or breast cancer cell origin and/or encodes a protein 
normally expressed in human kidney cells, breast tissue or tumour cells. 

5 9. An expression vector comprising a DNA molecule according to any 

one of the preceding claims. 

10. A recombinant host cell including a DNA molecule according to 
any one of claims 1 to 8 or an expression vector according to claim 9. 

10 

11. A polynucleotide molecule capable of being utilised as a specific 
probe or primer for a DNA molecule according to any one of claims 1 to 8. 

12. A polynucleotide molecule according to claim 7 being of a length 
15 greater than 10 nucleotides. 

13. A polypeptide in a substantially pure form, said polypeptide 
comprising an amino acid sequence substantially corresponding to that 
shown at Figure 2B or an enzymatic portion thereof. 

20 

14. A polypeptide in a substantially pure form, said polypeptide 
consisting of an amino acid sequence substantially corresponding to that 
shown at Figure 2B. 

25 15. An antibody which specifically binds to a polypeptide according to 

claim 13 or 14. 

16. An assay for assessing progestin-responsiveness in a subject 
comprising the steps of; 

30 (i) isolating cells or tissue from said subject; and 

(ii) detecting the presence of a polypeptide comprising an amino acid 

sequence substantially corresponding to that shown at Figure 2B. 

17. An assay according to claim 16, wherein said step of detecting 
35 involves treating the isolated cells or tissue with an antibody according to 
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claim 15 and determining the presence of antibody bound to said 
polypeptide. 

18. An assay according to claim 16, wherein said step of detecting 
5 involves treating the isolated cells or tissue with a substrate for said 

polypeptide, said substrate being normally converted by said polypeptide to a 
readily detected product. 

19. An isolated DNA molecule comprising a progestin-regulatory 
10 element(s) (PRE) derived from a DNA molecule according to any one of 

claims 1 to 8. 

20. A method for identifying agonist or antagonist compounds of the 
PRGl polypeptide comprising the steps of; 

15 (i) subjecting an in vitro system containing PRGl polypeptide, or an 

enzymatic portion thereof, to a test compound, and 
(ii) detecting any modulation of enzyme activity of said PRGl 

polypeptide or enzymatic portion thereof. 

20 21. A method according to claim 20, wherein step (ii) comprises 

detecting any modulation in 6-phosphofructo-2-kinase activity of said PRGl 
polypeptide. 

22. A method according to claim 20, wherein step (ii) comprises 

25 detecting any modulation in fructose-2,6-biphosphatase activity of said PRGl 
polypeptide. 

23. A method according to any one of claims 20 to 22, wherein said in 
vitro system comprises a whole cell lysate of cells expressing PRGl. 

30 

24. An agonist or antagonist compound identified by the method of 
any one of claims 20 to 23. 



35 
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caggctgcttcccggctcgcccaccctcctccccacgtggaagggggctggg 52 
acccaaggaa t gcggcccgccccgaggc tgacgtacgcgt c tgcggccagcc 

cggactctttaaaagccggcggtgcgcggggcatccCAGCCAAGCCGGAGAG 156 
GAGGCGAGCGGCAGGC^ 

GATCCCAGAGCTTTCCGAGCGGACGAGCCGGCCGTGCCGGGCATC 260 
TCGCTACCCTCGCAGCACACGTCGAGCCCCGCACAGGCGAGGGTCCG 
TAGCCCAAAGCACGTTTCCCCTGGCAGCGCAGGAAACGCC 364 
GGCGCACGCCCCCCTCTCCTCCTTTGTTC 

GCCAGCGTCGGGATCTCGGCCCCGGGAGGCGGGCCGTCGGGCGCAG^ 468 
AGATGCCGTTGGAACTGACGCAGAGCCGAGTGCAGAA 

MPLELTQSRVQ 
GGACCACAGGCCCTCGTTGCCCAGATCCTGTGGGCCAAAGC^ 572 

KIWVPVDHRPSLPRSCG 
CCCACCGTCATCGTCATGGTGGGCCTCCCCGCCCGGGGCAAGACCT^ 

PKLTNSPTVIVMVGL'PA 
CCAAGAAGCTGACTCGCTACCTCAACTGGA 67 6 

RGKTYI SKKLTR'YLNWIG 
TGTCAACGTGGGGAGTATCGCCGGGAGGCTGTGAAGCAGTACAGCTCCT 

VP TKVFNVGEYRREAVK 
TTCTTCCGCCCCGACAATGAGGAAGCCATGAA^ 780 

QYSSYNFFRPDNEEAMK 
TAGCTGCCTTGAGAGATGTCAAAAGCTACCTGGCGAAAGAAGG 
VRKQCALAALRDVKSYLA 
TGCGGTTTTCGATGCCACCAATAOTACTAGAGAGAGGAGACACATGATC 884 

KEGGQIAVFDATNTTRE 
CATTTTGCGAAAGAAAATGACTTTAAQ 

RRHMILHFAKENDFKAF 
ACGACCCTACAGTTGTGGCCTCCAATATCATGGAAGTTAAAATCTC 
FIESVCDDPTVVASNIME 
GGATTACAAAGACTGCAACTCGGCAGAAGCCATGGACGACTTCATGAA 988 

VKISSPDYKDCNSA t EAM 
ATCAGTTGCTATGAAGCCAGCTACCAGCCCCTCGACCCCGAGAA 

DDFMKRISCYEASYQPL 
GGGACTTGTCGCTGATCAAGGTGATTGACG 1092 
DPDKCDRDLSLIKVIDVG 
CCGGGTGCAGGACCACATCCAGAGCCGCATCGTGTACTACCTGATGAACATC 

RRFLVNRVQDHIQSRIV 
CACGTGCAGCCGCGTACCATCTACCTGTGCCGGC ACGGCGAGAACGAGCACA 1196 

YYLMNIHVQPRTIYLCR 
ACCTCGAGGGCCGCATCGGGGGCGACTCAGGCCTGTCCAGCCGGGGCAAGAA 
HGENE'HNLQGRIGGDSGL 
GTTTGCCAGTGCTCTGAGCAAGTTCGTGGAGG 

SSRGKKFASALSKFVEE 
CGTGTGGACCAGCCAGCTGAAGAGCACCATCCAGACGGCCGAGGCGCTGCGC 1300 

QNLKDLRVWTSQLKSTI 
GGCTGCCCTACGAGCAGTGGAAGGCGCTCAATGAGATCGACGCGGGCGTCTC 
QTAEALRLPYEQWKALNE 
TGAGGAGCTGACCTACGAGGAGATCAGGGACACCTACCCTGAGGAGTATGCG 1404 

IDAGVCEELTYEEIRDT 
CTGCGGGAGCAGGACAAGTACTATTACCGCTACCCCACCGGGGAGTCCTACC 
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YPEEYALREQDKYYYRY 
AGGACCTGGTCCAGCGCTTGGAGCCA^ 

PTGESYQDLVQ.RLEPVIM 
GAATGTGCTGGTCATCTGCCACCAGGCCGTCCTGCGCTGC 1508 

ELERQENVLVICHQAVL 
TTCCTGGATAAGAGTGCAGAGGAGATGCCCTACCTGAAATGCCCTCTTCACA 

RCLLAYFLDKSAEEMPY 
CCGTCCTGAAACTGACGCCTGTCGCTTATGGCTGCCGTGTGGA 1612 
LKCPLHTVLKLTPVAYGC 
CCTCAACGTGGAGTCCGTCTGCACACACCGGGAGAGG 

RVESIYLNVESVCTHRE 
AAGGGACCTAACCCGC3XIATGAGACGCAATAGTGTCACCCCGCTAGCCAGCC 

RSEDAKKGPNPLMRRNS 
CCGAACCCACCAAAAAGCCTCGCATCAACAGCTTTGAGGAGCATGTGGCCTC 1716 
VTPLASPEPTKKPRI'NSF 
CACCTCGGCCGCCCTGCCCAGCTGCCTGCCCCCGGAGGTGCCCACGCAGC^ 

EEHVASTSAALPSCLPP 
CCTGGACAAAACATGAAAGGCTCCCGGAGCAGCGCTGACTCCTCCAGGAAAC 1820 

EVPTQLPGQNMKGSRSS 
ACTGAGGCAGACGTGTCGGTTCCATTCCATTTCCATTTC 
ADSSRKH* 

GTGTCCTGCCCTCCGCCCGAGGCAAAACGTATCCTGAGGACTTCTTCCGGAG 2132 
AGGGTGGGGTGGAGCAGCGGGGGAGCCTTGGCCGAAGAGAACCATGCT 
ACCGTCTGTGTCCCCTCGGCCGCTGGACACCAGAAAGCCACGTGGGTCCCTC 2236 
GCGCCCTGCCTTTAGCCGTGGGGCCCTCACCTCCACCTCT^ 

AATGTCCAGCCTCGGAGACCTTCACAAAGCCT^ 2340 
GTCCTGACAAGAGGCCGCTGGGGACACTGTGCTGTTTTC 

ATCTCCCGGCACGTTTGGAGCTGGGAAGACCACACTGGTGGCA 2444 
AATTAAAGGAGGCAGGCTCCTAGTTGCTGAAAGTTAAGGAATC 

TCCACGTGACTGTTTGGTGCATCTTGACCTGG^ 2548 
AACTTGGAGAGGTGTTGGGTTGAGGCCTCTTC 

AGACGCAAGTTGGCTGGGTGGTCCACACCCTGGO 2652 
ACCTTCCAGGCCTGTGGCTGCCTCCAAAGATGTGCAAGGGCAC^ 
ACGGGGAGAGGGAAGTATTTTGCCGAAATATGAGAACTGQ 2756 
CCAGGGAGCTCCAGGGCCCCTCTCTCCTCCCACCTGGACT^ 

AGAAACACTTTCCrcGAGCTGCTC^ 2860 
GTGACCTGAGAGTCCCACCTTCTCITCAGGAACGTAGATC 

GCCCTGGGGGGCTTGGAACCTCTGAAGGTGGGGAGCGGAA 2964 

TTCCCCAGCACITGCATTACCGTCCCTG 

TT 
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FIGURE 3 
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FIGURE 3 continued 
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FIGURE 5 
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